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DESCRIPTION 

METHOD FOR EXTRACTING MAXIMUM GAIN OF SERVO CONTROLLER 

Technical Field 
[0001] 

The present invention relates to a method for 
automatically setting a servo control gain in a servo 
controller for driving a servo motor, and more 
particularly to a method for vibrating a machine or the 
like by a vibrating unit and detecting the vibration to 
set the maximum value of the servo control gain. 

Related Art 

[0002] v 

Usually, as disclosed in Patent Document 1, an 
adjustment is carried out that a gain is firstly increased 
to oscillate a machine, and then, the maximum value of 
a servo control gain is obtained by considering the 
characteristics of the machine. In the usual technique, 
after the control gain is raised, an oscillation is caught 
after the machine oscillates. Accordingly, there is a 
problem that it talces time until the oscillation is 
detected. That is, during stopping of the machine, even 
when the control gain is raised, the machine does not 
immediately oscillate. Further, even during the 



operation of the machine, the machine begins to vibrate 
at a specific position such as at the time of completion 
of acceleration or deceleration as shown in Fig. 6(a) . 
This phenomenon arises because a friction or a load 
existing in the machine serves to suppress the oscillation . 
When there is no great opportunity, the machine does not 
actually oscillate. Thus, as shown in Fig . 6(b), to readily 
oscillate the machine, commands of high speed and long 
feed time need to be repeated and the control gain needs 
to be gradually raised in accordance with the repetition 
of the commands by anticipating a delay of time until 
the oscillation is started. Therefore, it has required 
long time until the maximum gain is detected. 
Patent Document 1: JP-A-2-2 61083 

Disclosure of the Invention 

Problems to be solved by the Invention 

[0003] 

When the control gains is quickly raised as shown 
in Fig . 7 to shorten time until the maximum gain is detected, 
the control gain is excessively raised at the time of 
detecting the oscillation. After that, when the control 
gain is lowered, the oscillation does not readily stop 
and the machine undesirably greatly vibrates or noise 
is generated. Further, even if a speed gain can be 



identified, the speed gain i s large , so that when a position 
loop is arranged outside a speed loop in a next process, 
a control system undesirably vibrates. 

Means for Solving the Problems 
[0004] 

Thus, it is an object of the present invention to 
provide a method for extracting a maximum gain of a servo 
controller in which while a control gain is raised to 
vibrate a machine, a vibration is rapidly detected so 
that the machine does not greatly vibrate or noise is 
not generated. 

To solve the above-described problems, a method for 
extracting a maximum gain is characterized in that a 
simulated disturbance torque is applied to a torque 
command by a vibrating unit while a control gain is raised 
and the vibration of a control system is detected by a 
vibration detecting unit, a process for applying the 
simulated disturbance torque is repeated while the 
control gain is raised until the vibration of a prescribed 
level is detected and the control gain when the vibration 
detecting unit detects the vibration exceeding the 
prescribed level is set as a maximum gain. 



Advantage of the Invention 



[0005] 

According to the present invention, a machine can 
be assuredly vibrated by a simulated disturbance torque 
meeting the machine to obtain a maximum gain. Further, 
since the gain can be immediately lowered after the 
vibration to suppress the vibration, the gain may not 
be raised to a required level or higher and a risk due 
to the vibration can be prevented. 

Brief description of the Drawings 
[0006] 
[Fig. 1] 

Fig. 1 is a blocJc diagram of a specific embodiment 
of the present invention and a usual example. 
[Fig. 2] 

Fig. 2 is a control bloclc diagram of the specific 
embodiment of the present invention. 
[Fig. 3] 

Fig . 3 is a measuring timing chart of a speed command, 
speed, a wave-form of a torque and a vibration level during 
an ordinary operation. 
[Fig. 4] 

Fig. 4 is a timing chart for generating a vibration 
by raising a gain and a timing chart for lowering a gain 
and extracting a maximum gain when the vibration is 



generated. 
[Fig. 5] 

Fig. 5 is a schematic flowchart for extracting the 
maximum gain of the present invention. 
[Fig. 6] 

Fig. 6(a) is a timing chart when a machine vibrates 
under an ordinary operation. Fig. 6(b) is a timing chart 
when the gain is raised under an ordinary operation. 
[Fig. 7] 

Fig. 7 is a diagram showing an example that when 
the gain is adjusted under the ordinary operation, the 
gain is quickly raised so that the machine greatly 
oscillates . 
[Fig. 8] 

Fig. 8 is a block diagram of a usual example. 

Description of Reference Numerals and Signs 
[0007] 

1: vibration detecting circuit 

2: microcomputer 

3: current amplifier 

4: base drive circuit 

5: power transistor module 

6: motor 

7: position loop gain 



8: speed control 

9: motor 

10: integration 

11: microcomputer 

12: current amplifier 

13: base drive circuit 

14: power transistor module 

15: motor 

Best Mode for Carrying Out the Invention 
[0008] 

Now, a specific embodiment of the present invention 
will be described below by referring to the drawings* 
(First Embodiment) 
[0009] 

Fig. 1 is a bloclc diagram of a specific embodiment 
of the present invention. In Fig. 1, reference numeral 
1 designates a vibration detecting circuit, 2 designates 
a microcomputer, 3 designates a current amplifier, 4 
designates a base drive circuit, 5 designates a power 
transistor module and 6 designates a motor. 

In a circuit constructed as described above, an 
operation thereof is described by using a control bloclc 
diagram of Fig. 2 and a timing chart of Fig. 4 . Firstly, 
a microcomputer 2 receives a command of a position or 



speed from an external controller. Then, in the case of 
the speed command, the microcomputer controls the speed 
to output a current command or a current control and drives 
a power transistor 5 through a base drive circuit 4 to 
control a motor 6. Here, a vibration detecting circuit 
1 decides a vibration when a vibration component included 
in a torque command or a speed signal of the motor exceeds 
a predetermined level (a detect ing level ) . The detecting 
level is determined from an amplitude by vibration during 
an ordinary operation under a stable state of a control 
system, as shown, for instance, in Fig. 3, or an amplitude 
by vibration during an operation such as a torque ripple 
peculiar to a machine. In this figure, the maximum value 
of the amplitude by vibration of torque under the ordinary 
operation is detected. As an example, the amplitude three 
times as high as the amplitude by vibration during an 
ordinary time is determined to be a 'detecting level of 
vibration" . 
[0010] 

To detect a gain, a simulated disturbance torque 
is initially applied to the torque command under a low 
gain to recognize whether a response reaches the detecting 
level of vibration. When the response is low, the 
simulated disturbance torque is increased. The 
simulated disturbance torque is increased until the 



8 

response exceeds the detecting level of vibration or the 
detecting level of vibration is lowered. Then, as shown 
in Fig. 4, while a control gain is gradually raised, the 
simulated disturbance torque is applied to a torque 
command x ref shown in Fig. 2 to recognize the vibration. 
Specifically,, the vibration is recognized from the 
amplitude of speed or torque . While the motor is stopped, 
the simulated disturbance torque is applied for a short 
time. Accordingly, a vibration damping element such as 
a static friction or a Coulomb's friction originally 
existing in the machine serves to stop an oscillation. 
When the vibration is detected, the control gain can be 
lowered so that the machine does not vibrate. 
[0011] 

As a method for stopping the vibration, not only 
the control gain is lowered, but also the torque is 
temporarily decreased or both the methods may be commonly 
used. Otherwise, the base of a power transistor may be 
interrupted. Then, the control gain immediately before 
the oscillation is stored to calculate the control gain 
when the machine finally vibrates on the basis thereof. 
The control gain is set as a maximum gain. 
[0012] 

Here, for explaining a basic concept of the present 
invention, a state that the control system oscillates 



is considered. Under a state that a load such as a 
friction of the machine does not exist, when a vibration 
arises in the control system due to the resonance of the 
machine, the vibration rapidly increases owing to the 
operation of a control loop gain to shift to an oscillating 
state. Thus, the vibration is hardly stopped. The load 
such as the friction serves to suppress the vibration 
by consuming energy. Under an unstable state that there 
is a mechanical load, however, the control gain is high 
so that the vibration is liable to arise, the load is 
varied so that the vibration can be caused or the caused 
vibration can be conversely stopped. 

In the present invention, to make the unstable state, 
a step type simulated disturbance torque as shown in a 
control block diagram of Fig. 2 is applied to overcome 
the mechanical load such as the friction, break a stable 
state and cause the vibration. A time for applying the 
simulated disturbance torque is set to a short time, so 
that the vibration can be stopped immediately after the 
vibration is detected in the vibration detecting circuit . 
[0013] 

Now, referring to Fig. 5, a method for detecting 
the maximum gain will be described below. 
(1) . Detection of vibration level during ordinary 
operation: A specific detecting procedure of the maximum 



10 

gain is described below. Initially, the gain of a control 
system such as a position loop gain or a speed loop gain 
is lowered in step 1 to detect the amplitude by vibration 
during the operation peculiar to the machine under the 
ordinary operation or the like as shown in Fig. 3. 
In this figure, the maximum value of the amplitude by 
vibration of the torque during the ordinary operation 
is detected* 

(2) Adjustment of simulated disturbance torque: Then, 
as shown in step 2 of Fig. 5, the gain of the control 
system such as the position loop gain or the speed loop 
gain is set to a low value and the step type simulated 
disturbance torque is applied to the torque command t 
ref shown in the control block diagram of Fig. 2 to 
recognize that a positional deviation or a response of 
such as speed is not lower than a prescribed level as 
in step 3 of Fig. 5. Here, when the response not lower 
than the prescribed level is not obtained, the applied 
simulated disturbance torque is considered not to exceed 
the mechanical load so that the simulated disturbance 
torque is increased so as to increase the response to 
a predetermined level. The level of the response is set 
to, for instance, two times as high as the maximum value 
of the amplitude by vibration under the ordinary operation 
that is detected in the step 1 of Fig. 5. 



11 

Then, when the response is not increased even by 
raising the simulated disturbance torque to the 
predetermined level, the vibration detecting level of 
the response is lowered. In such a way, the simulated 
disturbance torque and the detecting level of the response 
are adjusted. 

(3) Detection of vibration: After the level of the 
simulated disturbance torque is determined, the control 
gain is stepwise raised at such a timing as shown in Fig. 
3. When the control gain is raised as in steps 4 to 6 
shown in Fig. 5, the simulated disturbance torque is 
applied to the torque command to recognize the vibration 
in the vibration detecting circuit 1. The vibration 
detecting circuit 1 compares an amplitude of a torque 
or a speed e.g. with the vibration detecting level, and 
when the amplitude is large, the vibration detecting 
circuit 1 detects the amplitude as the vibration. The 
vibration detecting level is set to, for instance, 1.5 
times as high as the previously adjusted response level. 

(4) Stop of vibration : After the simulated disturbance 
torque is applied, when the vibration exceeding the 
vibration detecting level as in step 6 of Fig. 5, the 
exertion of the simulated disturbance torque at such a 
timing as shown in Fig. 4 is stopped and the control gain 
is lowered to a level at which the vibration does not 



12 

arise as in step 7 of Fig. 5 (for instance, a control 
gain half as high as the control gain when the vibration 
is detected or the initially set low control gain) . 
Otherwise, to assuredly stop the vibration, the torque 
command is restricted or the positional deviation is 
momentarily set to zero. 

(5) Detection of maximum gain: Then, the control gain 
immediately before the control gain obtained when the 
vibration arises is stored in a storing unit of the 
microcomputer 2 as the maximum gain. 

[0014] 

Here, a relation between the simulated disturbance 
torque and the control gain when the vibration is generated 
will be described below. When the simulated disturbance 
torque is increased, an impact to the machine is also 
increased and the control gain having no vibration 
generated is decreased. The machine is accelerated or 
decelerated or a filter is inserted to smooth the torque 
so that the impact is reduced. Therefore, the control 
gain is raised. When the step type disturbance torque 
is applied as shown in the block diagram of Fig. 2, speed 
responds thereto for t /JmS minutes. Thus, the load can 
be overcome by the torque to break a balanced state. 
Further, the torque to be applied needs to be increased 
in accordance with inertia. When a position is moved. 



13 

the torque is smoothed, so that the vibration is hardly 
generated. However, the torque is directly transmitted 
to the load, the vibration is liable to arise. The 
vibration may be detected by the microcomputer 2 in place 
of the vibration detecting circuit 1. Further, an 
integrating gain or a torque filter may be operated in 
association with the control gain. 

Industrial Applicability 
[0015] 

The machine is vibrated by a low gain so that the 
maximum gain can be assuredly obtained. Further, since 
the control gain is decreased immediately after the 
vibration is generated, an oscillation can be suppressed. 



